In the highly populated analysed territory, the expansion of the construction zones and the pressure imposed on the slopes by the housing and transport infrastructure led to the appearance and reactivation of mass movement processes that affects the population and the environment. The purpose of this study consist in applying the principles of bivariate statistical analysis in order to determine the dynamic potential of a territory, taking into account the statistical relationship between the independent variables represented by predisposing and triggering factors of landslides (slope, geology, land use etc.) and dependent variables, in this case: landslides. The identification of the degree of validation of the results was determined by calculating the AUROC (Area under the Receiver Operating Characteristic) value, whose value of 0.854 highlights the representativeness of the chosen model. The analysis of landslides susceptibility highlights the inclusion of the territory represented by the hills surrounding Cluj-Napoca metropolitan area, Romania, on the classes of spatial occurrence of these processes.
Introduction
Landslides along with erosion processes represent natural hazards with a large area of manifestation in Romania [1] [2] [3] , affecting the transport and removing significant land areas from the category of production lands, which makes it necessary to identify measures to mitigate the negative effects and reintegrate these territories into useful build-up areas and infrastructure, as well as productive agricultural circuit [4, 5] . Landslides are part of the gravitational processes that occur when the steady state of the slopes is affected as a result of overgrowth of the geological substrate of clay and marl deposits due to a period of abundant precipitation or due to seismic movements [6, 7] . Besides these natural causes, important factors are the anthropogenic interventions in the territory by overburdening slopes accentuated by construction, massive deforestation and poor management of agricultural land [8] [9] [10] [11] . In order to identify the susceptibility of landslides, a series of GIS spatial analysis models have been implemented the most statistically valid results being the probabilistic ones [12] [13] [14] [15] . A different toolbox made in the GIS environment was proposed so that it is facilitated the use of such a model for different test areas [16] [17] [18] .
The probability map of landslides occurrence that can be used in spatial planning studies is obtained by taking into account a complex database that includes both triggering factors (e.g., rainfall) and predisposing factors (e.g., geology, slope gradient) [19] [20] [21] . In Romania, the factors which compound a specific database are: the lithological coefficient represented by the geology of the analyzed region; the geomorphologic coefficient that takes into account the slope and altitude of the relief; the forest and anthropic coefficient depending on the land use and the triggering factors; the hydro-climatic coefficient taking into account the amount of rainfall available to the analysed region; the seismic coefficient modelled according to the regionalization seismic activity of Romania on the Medvedev-Sponheuer-Karnik (MSK) scale [22] [23] [24] . This database is regulated at national level by Government Decision 447/2003-Methodological Norms regarding the Method of Development and Protection of Natural Hazard Maps at Landslides.
This research aimed at assessing the landslide susceptibility for anthropogenic activities in a perimeter where due to the extension of the city, new buildings are constructed in locations mostly on slopes, vulnerable to landslides. The susceptibility of the area was studied based on adequate indicators and methodologies adapted to the urban space of Cluj-Napoca, Romania.
Materials and Methods

Study Area
The study area is represented by the hills surrounding Cluj-Napoca metropolitan area, located in the county of Cluj, in the eastern sector of the Depression of Transylvania, Romania ( Figure 1 ) with an area of 1041 km 2 . The altitude difference of the analysed region is 545 m, varying between 285 m, specific to the lower section of the Somes River bed and 830 m specific to the high hills. The elevated character of the analysed area is highlighted both from the point of view of the specific altitudes and of the slopes having an average value of 7.8 • with a maximum of 45.3 • which implies a high and dynamic potential. The diverse geology of the region includes marls, sands, gravel, clay, gypsum and sandstone, muddy clays, bituminous marls etc., which due to the increased fragmentation of the secondary hydrographic network, lead to the existence of 29 sloping areas of active land. This database of land-based landslides and recent satellite imagery is the basis for the implementation of the model for determining the likelihood of landslides, so it is necessary to produce a complete and current database [25, 26] . 
Database and Methodology
In order to establish landslides probability classes for the studied territory, it was applied a statistical model that takes into account the principles of statistical bivariate analysis so that the landslides become the dependent variables for determining the statistical influence of the causal and triggering coefficients which represent the independent variables. This type of analysis has provided good results for territories of different sizes in different study regions previously performed [27] [28] [29] [30] .
The implementation of the proposed statistical model through GIS spatial analysis models is achieved by the creation of a spatial, digital vector and raster database, a digital database made in accordance with the model requirements ( Table 1 ). 
The implementation of the proposed statistical model through GIS spatial analysis models is achieved by the creation of a spatial, digital vector and raster database, a digital database made in accordance with the model requirements ( Table 1) . Considering the average spatial scale of spatial analysis modelling to identify land susceptibility to landslides, it was decided to use as support the 1:25,000 scale map for the realization of vector databases representing the level curves (for three-dimensional modelling of the relief), the hydrographic network (for modelling and obtaining of digital databases representing the density of the relief fragmentation), the communication network and the settlement network (the compact built area).
The vector databases, representing land use and geology, were obtained indirectly from the Corine Land Cover (CLC) database and vectorization, using the geological map of Romania as a support, scale 1:200,000. The use of these two databases at different scales was chosen because they are the only official databases available in Romania for these two factors absolutely necessary taken into account and included in the spatial analysis model.
One of the most important databases used in the spatial analysis model is the polynomial vector structures representing the active landslides identified within the analysed territory, a database obtained by vectorization on the maps 1:25,000, the 2017 orthophotomaps as well as by delimiting them on the ground based on geographic coordinates. This database is divided into two different structures according to their use in the spatial analysis model: the first structure is represented by the landslide polygons that will be used for calculating the statistical probability values and the second structure is represented by the polygons used in the final result validation step based on the Area under the Receiver Operating Characteristic (ROC, or AUROC curve) [31, 32] .
Databases made as submodels that are an integral part of the general model (slope, fragmentation density, depth of degradation, slope orientation, wetness index, stream power index) to identify susceptibility to landslides based on spatial analysis have as a basis for development, the digital elevation model having a spatial resolution of 5 m, spatial resolution equal to the equidistance of the level curves on which it was generated. Regarding the vector/raster derived databases (distance to the hydrographic network, distance to the communication paths and the distance to the built surface), a 5 m resolution is chosen for the raster to keep the space scale and obtain a high overall accuracy of the outcome of the final model [33, 34] . From a methodological point of view (Figure 2 ), the spatial analysis GIS model for the identification of susceptibility to landslides is structured over three main interconnected phases: the acquisition of the databases, the spatial analysis phase structured on five main subparts, starting from the modelling intermediate databases by dividing intermediate databases for which statistical susceptibility values are calculated, values to be taken into account in the stage of spatial susceptibility analysis, ending with the main validation stage of the model results. The correct realization and efficient single factor analysis make the final result as a spatial database able to be used successfully within other complex spatial analysis models [33, 35] . The factors that involved the use of most spatial analysis techniques and databases for their finalization are represented by fragmentation density, depth of fragmentation, wetness index (WI) and stream power index (SPI). If only the use of the functions available in the geoinformation programs (Fishnet, Identity, Joint etc.) was required to complete the first two factors, for the other two factors it was necessary to implement spatial analysis equations on known raster structures: flow accumulation and slope [35] .
To achieve the two WI and SPI additional indicators, Beven and Kirkby (1979) was necessary to implement spatial analysis equations on known raster structures: flow accumulation and slope [35] .
To achieve the two WI and SPI additional indicators, Beven and Kirkby (1979) derived Equations for WI and Moore et al. (1991) were used for SPI implemented in GIS software as [35, 36] : Ln(("accumulation"*25)/Tan("slope")), [WI] (1)
where:
Ln, Tan-mathematical identifiers Accumulation-flow accumulation 25-the area in m 2 of the DEM cell slope-slope in radians
The statistical analysis of digital databases in raster format consists in identifying the susceptibility value for each class of each factor included in the model structure in the form of digital databases. The calculation of the susceptibility value was performed using the bivariate statistical analysis (BSA) value of each class calculated on the basis of the probability Equation [37, 38] :
Ii-statistical value of the i factor Si-area with identified landslides within each considered variable Ni-area of the analysed variable category within the studied territory S-total area affected by landslides within the studied territory N-the studied area in km 2 The result of applying the formula by including the extracted values from the digital databases through the spatial histogram functions included in the GIS software results in values from negative to positive. As the statistical value has a higher value, the respective coefficient class is more representative to the analysed phenomenon [2] .
Using the GIS technology, the reclassification of the digital databases based on the statistical values obtained as a result of the implementation of the BSA probability equation, specific databases are obtained for each analysed factor, databases used for model finalization and the identification of susceptibility to landslides for the analysed area. Overlay technique, using spatial analysis equations based on mathematical identifiers (the + indicator in the present case) allows the spatial integration of the analysed factors [10, 39] as a database and the derivation of the final result in the form of a digital database, which was validated by the AUROC method.
Results
The individual analysis, both in terms of the statistical value calculated for each class of each factor and in terms of the spatial extent of the respective value, leads to an understanding of the influence that the factor has on the manifestation of the entire landslide process and the identification of the susceptibility [19] [20] [21] . To identify susceptibility to landslides by means of the BSA method, the following factors have been analysed and taken into account with the direct impact on susceptibility assessment: altitudes, slopes, fragmentation density, depth of fragmentation, slope orientation, WI and SPI, the distance to the hydrographic network, to human settlements and to the roads.
Altitude Factor
The small altitude difference between the study area makes the landslides in the Someş Mic hills to be identifiable in the hilly relief falling within the altitude range of 400-500 m (22.28 km 2 ), with a smaller spatial spread (12.54 km 2 ) within the low altitude surface of the Somes valley, and the altitude of 700-900 m (0.05 km 2 ) specific to the high hill area characterized by quasi-horizontal plates. Relative to the entire study area, statistical probability values ranging from −1.517 to 0.198 (Table 2) were calculated, highlighting the altitude range of 285-400 m as an altitude range characterized by a high probability of occurrence of landslides, in contrast to the 700-900 m altitude range for which the lowest probability statistical value was calculated (−1517). The analysis of the altitude factor as an individual database regarding susceptibility to landslides is made by reclassifying it into four major impact categories: low susceptibility (between −1.516 and −1.483 BSA value), medium susceptibility (between −1.483 and −0.238 BSA value), medium-high susceptibility (between −0.238 and 0.148 BSA value) and high susceptibility (between 0.148 and 0.201 BSA value) ( Figure 3 ). probability of occurrence of landslides, in contrast to the 700-900 m altitude range for which the lowest probability statistical value was calculated (−1517). The analysis of the altitude factor as an individual database regarding susceptibility to landslides is made by reclassifying it into four major impact categories: low susceptibility (between −1.516 and −1.483 BSA value), medium susceptibility (between −1.483 and −0.238 BSA value), medium-high susceptibility (between −0.238 and 0.148 BSA value) and high susceptibility (between 0.148 and 0.201 BSA value) ( Figure 3 ). The inherent risk of inhabited territories by the high probability of landslides is low due to the fact that most of them are located in low hills and high hill areas, with high inherent risk being identified in the low hill contact area and Somes riverbank where living areas are less extensive.
Slope Factor
The slope represents one of the main predisposing factors for the landslide process [5, 21, 22] . As a key factor in the process of identifying susceptibility to landslides, the slope plays a special role both in terms of conditioning the location of the housing and transport infrastructure related to the The inherent risk of inhabited territories by the high probability of landslides is low due to the fact that most of them are located in low hills and high hill areas, with high inherent risk being identified in the low hill contact area and Somes riverbank where living areas are less extensive. 
The slope represents one of the main predisposing factors for the landslide process [5, 21, 22] . As a key factor in the process of identifying susceptibility to landslides, the slope plays a special role both in terms of conditioning the location of the housing and transport infrastructure related to the risk of landslides, as well as in terms of land preparation for stabilization and probable risk mitigation.
Analysis of the probability values calculated for each slope reveals very high probability values for the 30-35 slope degree interval, characterized by a small spatial expansion and relatively high density of landslides reported to surface area. In view of this, the induced risk is reduced to zero due to the fact that these surfaces are spatially identified at a large distance from built areas and technical infrastructures. At the opposite pole, for low susceptibility were calculated values for the 0-5 slope degree interval and although it has a large territorial expansion is characterized by low density of surface landslides (Table 3) . A very large part of the analyzed area is situated within the high susceptibility class (approximately 67%) associated within intervals of 5-15 slope degrees and 25-30 slope degrees associated to tame slopes of the hills and cuesta, areas that pose a risk to the territorial infrastructure of communication in the immediate vicinity, but not implying a risk for residential areas that are located on surfaces included in slope category of 0-5 degrees (Figure 4 ). risk of landslides, as well as in terms of land preparation for stabilization and probable risk mitigation. Analysis of the probability values calculated for each slope reveals very high probability values for the 30-35 slope degree interval, characterized by a small spatial expansion and relatively high density of landslides reported to surface area. In view of this, the induced risk is reduced to zero due to the fact that these surfaces are spatially identified at a large distance from built areas and technical infrastructures. At the opposite pole, for low susceptibility were calculated values for the 0-5 slope degree interval and although it has a large territorial expansion is characterized by low density of surface landslides (Table 3) . A very large part of the analyzed area is situated within the high susceptibility class (approximately 67%) associated within intervals of 5-15 slope degrees and 25-30 slope degrees associated to tame slopes of the hills and cuesta, areas that pose a risk to the territorial infrastructure of communication in the immediate vicinity, but not implying a risk for residential areas that are located on surfaces included in slope category of 0-5 degrees (Figure 4 ). 
Slope Orientation Factor
The orientation of inclined surfaces plays a major role in the amount of water available at a given moment in the soil and in terms of the sunstroke and consequently the superficial degradation of the soil layer. These are the causes for which large amounts of material from the surface of the land can easily be displaced and transported by sliding into the lower parts of the south-facing slopes where the high slope conditions are present and the rapid accumulation of water in the soil specific to the shaded slopes.
The high and very high probability of landslides has been calculated for south-eastern, southern and southwest slopes ranging from 0.051 to 0.384 probabilities, the slopes which are classified as sunny and semi-sunny. Low probability values were calculated for the north, eastern, northeast and northwest slopes, shaded and semi-shaded areas as well as quasi-horizontal territories characterized by high stability (Table 4) . The analysis of the slope orientation factor highlights the medium-high susceptibility class as dominant, posing a risk especially to residential and agricultural land, followed by a very high class, which mainly poses a risk to infrastructure transport and to a lesser extent on the surfaces used mainly for pasture and meadow ( Figure 5 ). 
Distance to Settlements Factor
Approaching or moving away from residential areas is an important factor in assessing susceptibility to landslide due to the anthropogenic pressure exerted on the territory. The high pressure exerted by the human component has impact mainly in the immediate vicinity of the habitat both by destabilizing the slopes due to landscaping works and by the stabilization works of the slopes 
Approaching or moving away from residential areas is an important factor in assessing susceptibility to landslide due to the anthropogenic pressure exerted on the territory. The high pressure exerted by the human component has impact mainly in the immediate vicinity of the habitat both by destabilizing the slopes due to landscaping works and by the stabilization works of the slopes made in non-compliance with the law standards. Thus by calculating the probability using the BSA method was identified medium to medium-high susceptibility at distances of about 150-300 m, with a large BSA statistical value comprised between 0.186-0.198 (Table 5 ). Small values of the statistical coefficient, which highlight the low susceptibility of the territory, were calculated for the immediate vicinity of the city, up to approximately 50 m, but also over distances of more than 600 m from the city. These things can be explained by the fact that around the built area development works and stabilization of slopes are made mostly by correct standards as well because the most buildable areas are identified in quasi horizontal plateaus where susceptibility is small. At the opposite pole there are areas very distant from the settlements, areas where the anthropic impact is reduced ( Figure 6 ). The vast majority of the analysed area is in the small susceptibility class, between −0.097 to −0.090 statistical calculated values, due to the disposition of the intravilanes at great distances from each other, the very high susceptibility class being identified in a very small proportion, only in some areas in the immediate vicinity of large settlements and cities (Figure 6 ).
Distance to Roads Factor
Communication lines, especially roads, transmit susceptibility to the territory in two different forms. First of all, building them at the base of the slopes by excavating and sectioning them produces The vast majority of the analysed area is in the small susceptibility class, between −0.097 to −0.090 statistical calculated values, due to the disposition of the intravilanes at great distances from each other, the very high susceptibility class being identified in a very small proportion, only in some areas in the immediate vicinity of large settlements and cities ( Figure 6 ).
Communication lines, especially roads, transmit susceptibility to the territory in two different forms. First of all, building them at the base of the slopes by excavating and sectioning them produces major instability and susceptibility and indirect risk and secondly, their exploitation by subjecting vibration to unsteady slopes makes road communication paths to constitute a trigger factor important to consider.
Given the relief configuration of relatively low hills and gentle slope with interspersed large flat areas and extended valley corridors, the analysis of this factor reveals a very high susceptibility to landslides at very long road distances of over 200 m and not in the immediate vicinity of roadways (Table 6 ). This is explained by the arrangement of the communication lines mainly on the valleys with low susceptibility to landslides (Figure 7 ). Figure 7 . Susceptibility to landslides according to distance to roads.
Distance to Hydrography Factor
Regarding the distribution of landslides according to distance from the hydrographic network it raises the issue of its influence on the dynamics of landslides in terms of lateral erosion on the banks near the steep slopes, areas prone to landslides. Thus, the biggest influence is the secondary hydrographic network that can contribute to the appearance and dynamics of the landslides, especially the superficial ones, by regressive erosion. Analysing the statistical value obtained from the bivariate statistical analysis, it can be noticed that most of the landslides are located at a distance of 150 to 600 m from the main hydrographic network (Table 7, Figure 8 ). 
Wetness Index Factor
Wetness index values are within the range −0,.046 to 0,.116 to highlight areas with high relative saturation in water, thus directly affecting the cause of the landslide triggering as well as the reactivation moments of them, therefore characterizing the analysed territory in the high probability class [37] . This influence is also highlighted by the corresponding high statistical value of 0.110, resulting from the application of the BSA method (Table 8) . On the opposite side, we identify areas characterized by very low wetness index values (ranging from 0-7) to which a low and medium susceptibility is specified (with a statistical value between −0.046 and −0.018) (Figure 9 ). 
Wetness index values are within the range −0.046 to 0.116 to highlight areas with high relative saturation in water, thus directly affecting the cause of the landslide triggering as well as the reactivation moments of them, therefore characterizing the analysed territory in the high probability class [37] . This influence is also highlighted by the corresponding high statistical value of 0.110, resulting from the application of the BSA method (Table 8) . On the opposite side, we identify areas characterized by very low wetness index values (ranging from 0-7) to which a low and medium susceptibility is specified (with a statistical value between −0.046 and −0.018) (Figure 9 ). 
Stream Power Index Factor
The Stream Power Index factor with calculated values ranging from −0.052 to 0.214 highlights the areas with accelerated water erosion potential, the positive values of this indicator corresponding to the lands with a high probability of landslides occurring at the level of the entire Transylvanian Plateau [3, 40] . In the case of the studied area the values higher than 1.4 have the highest statistical representativeness (0.214) ( Table 9) . With this factor, the negative effect of the hydrographic erosion by the secondary hydrographic network is again highlighted, thus becoming an important factor in the assessment of the susceptibility to the landslides in the Somesul Mic hills (Figure 10 ). Figure 9 . Susceptibility to landslides according to wetness index.
The Stream Power Index factor with calculated values ranging from −0.052 to 0.214 highlights the areas with accelerated water erosion potential, the positive values of this indicator corresponding to the lands with a high probability of landslides occurring at the level of the entire Transylvanian Plateau [3, 40] . In the case of the studied area the values higher than 1.4 have the highest statistical representativeness (0.214) ( Table 9) . With this factor, the negative effect of the hydrographic erosion by the secondary hydrographic network is again highlighted, thus becoming an important factor in the assessment of the susceptibility to the landslides in the Somesul Mic hills (Figure 10 ). Figure 10 . Susceptibility to landslides according to stream power index.
Land-Use Factor
The analysis of the land-use highlights the agricultural character of the study area, so the largest area of land is occupied with arable land not irrigated (295.41 km 2 ), meadows (248.12 km 2 ) and deciduous forests (191.35 km 2 ) (Table 10 ). 
The analysis of the land-use highlights the agricultural character of the study area, so the largest area of land is occupied with arable land not irrigated (295.41 km 2 ), meadows (248.12 km 2 ) and deciduous forests (191.35 km 2 ) (Table 10 ). Agricultural work, ploughing and sowing operations, which do not meet the technical requirements (ploughing and sowing on hill slope direction), cause the rainwater to flow faster into the soil, thus creating favourable conditions for excessive soil wetness and sliding land for areas with clay and semi-clay geological substrate [29, 31] . In the analysed area, the deciduous forests play a Sustainability 2019, 11, 1362 15 of 23 dual role in the landslides: they primarily have the role of stabilizing and mitigating surface erosion for the low slopes of the low hills, and secondly they play a destabilizing role for inclined slopes due to overloading (Figures 11 and 12 ). At the spatial level, the medium to high probability has the largest territorial expansion of approximately 63% of the total territory being spatially identified in the immediate vicinity of the constructed areas, thus inducing a moderate risk, followed by a small probability of approximately At the spatial level, the medium to high probability has the largest territorial expansion of approximately 63% of the total territory being spatially identified in the immediate vicinity of the constructed areas, thus inducing a moderate risk, followed by a small probability of approximately At the spatial level, the medium to high probability has the largest territorial expansion of approximately 63% of the total territory being spatially identified in the immediate vicinity of the constructed areas, thus inducing a moderate risk, followed by a small probability of approximately 18% of the spatially identified territory generally in high hill areas with low slopes and interfluids, and to a small extent in the immediate vicinity of secondary hydrographic networks.
Geology Factor
Most of the active landslides within the study area have developed on a geology dominated by marl, tuffs and gravel, poorly cemented sands and clays, sandstone coal, marl for which a statistically high BSA was calculated, respectively 0.652, 0.511 and 0.286 (Table 11) . At the spatial level, the south-eastern extension of the analysed territory, which falls within the high and very high susceptibility class (approximately 56%), with a major impact on the human component of activity (mainly industrial and production activities) on the outskirts of Cluj-Napoca, as well as on the newly developed residential areas in favour of pastures and orchards. An important area of the total surface analysed (32.29%) is classified as medium and low susceptibility class (approximately 38%), which is spatially identified on the entire western side of the territory. This is explained by the geology, respectively lithology specific to the hill-mountain contact areas of the Apuseni Mountains (Figures 13 and 14) . 
Depth of Fragmentation Factor
The depth of fragmentation expressed in m/km 2 provides additional information regarding the energy available to trigger landslides, so territories with higher values of fragmentation depths above 200 m/km 2 are characterized by the highest values of the BSA statistical indicator (0.16) and those that are less than 100 m/km 2 have the lowest influence on the probability of landslides (Table 12 ). As observed by the analysis of the altitude factor, the area of study is represented by a predominantly hilly territory with an average relief energy which induces the classification for the largest part of the territory in the average susceptibility class (−0.329 to 0.124 BSA statistical value), the high values being isolated in the high hill area and in contact with the adjacent mountain ( Figure 15 ).
Density of Fragmentation Factor
Density fragmentation (expressed in km/km 2 ) highlights territories with a high density of the hydrographic network, density increasing the probability of landslides due to erosion, the appearance and dynamics of landslides. For the analysed territory, the highest density of landslides was identified for the range 0-1 km/km 2 , which is also reflected on the values calculated based on the BSA equation (Table 13) . Regarding the spatial expansion of the susceptibility classes, the very high class stands out, with about 67% of the total territory overlapping mostly with low fragmentation areas ( Figure 16 ). As observed by the analysis of the altitude factor, the area of study is represented by a predominantly hilly territory with an average relief energy which induces the classification for the largest part of the territory in the average susceptibility class (−0.329 to 0.124 BSA statistical value), the high values being isolated in the high hill area and in contact with the adjacent mountain ( Figure  15 ). 
Density fragmentation (expressed in km/km 2 ) highlights territories with a high density of the hydrographic network, density increasing the probability of landslides due to erosion, the appearance and dynamics of landslides. For the analysed territory, the highest density of landslides was identified for the range 0-1 km/km 2 , which is also reflected on the values calculated based on the BSA equation (Table 13) . Regarding the spatial expansion of the susceptibility classes, the very high class stands out, with about 67% of the total territory overlapping mostly with low fragmentation areas ( Figure 16 ). Figure 16 . Susceptibility to landslides according to density of fragmentation.
Cumulated Landslide Susceptibility Analysis
The cumulative analysis of susceptibility according to the proposed model requires the integration of all previously analysed individual factors into an equation of all probability values calculated for each spread of each factor, thus establishing the overall cumulative influence of the probability values:
Formatted Table   Figure 16 . Susceptibility to landslides according to density of fragmentation.
"DEM" + "slope" + "geology" + "aspect" + dist_to_sett." + "dist_to_roads" + "dist_to_hidro" + "density_of_fragm" + "depth_of_fragm" + "WI" + "SPI" + "CLS",
As a result of applying the spatial analysis equation was obtained the spatial susceptibility accumulated for the entire territory with probability values comprised in the range of −8.70 to 3.58. Following the application of the BSA model to determine the spatial probability of landslides according to the specific statistical values of each class of triggering and causing factors, the the final susceptibility map was obtained (Figure 17 ). "DEM" + "slope" + "geology" +"aspect" + dist_to_sett." + "dist_to_roads" + "dist_to_hidro" + "density_of_fragm" + "depth_of_fragm" + "WI" + "SPI" + "CLS",
As a result of applying the spatial analysis equation was obtained the spatial susceptibility accumulated for the entire territory with probability values comprised in the range of −8.70 to 3.58. Following the application of the BSA model to determine the spatial probability of landslides according to the specific statistical values of each class of triggering and causing factors, the the final susceptibility map was obtained (Figure 17 ). 
Discussion
Model Validation
In order to identify the degree of predictability of the BSA model applied for the identification of the probability classes of landslides in the studied area, the AUROC (Area under the Receiver Operating Characteristic) curve method was used (Figure 18 ). The validation value of 0.854 indicates the relationship between true positive values (model sensitivity) and true negative values (model specificity) resulting in a large validation of the result, as it is known that the closer AUROC value is to 1, the more it reflects the degree of validation of the chosen method as well as of the database used [41] [42] [43] [44] . 
Discussion
Model Validation
In order to identify the degree of predictability of the BSA model applied for the identification of the probability classes of landslides in the studied area, the AUROC (Area under the Receiver Operating Characteristic) curve method was used (Figure 18 ). The validation value of 0.854 indicates the relationship between true positive values (model sensitivity) and true negative values (model specificity) resulting in a large validation of the result, as it is known that the closer AUROC value is to 1, the more it reflects the degree of validation of the chosen method as well as of the database used [41] [42] [43] [44] . Compared with simple statistics such as landslide percentage per susceptible zones and the proportion of correctly classified events derived from a confusion matrix used to valid landslide susceptibility maps and the inefficiency of these models, threshold-independent methods, like receiver operating characteristic (ROC), have been extensively used for validation [20, [45] [46] [47] [48] [49] .
General Considerations
From the point of view of the risk induced in the territory following the analysis of the final outcome of the modelling, several hotspots of major importance stand out. The surface overlapping the northern hills in the city of Cluj-Napoca falls within the category of very high landslides susceptibility, thus inducing a high risk on the territorial infrastructure of housing and services (residential structures, urban networks, tourist facilities) and on the communication lines developed in the respective area [50] .
For all analysed hotspots and for the rest of the territory classified as high and very high susceptibility, it is recommended to carry out ameliorative and stabilization works to reduce or remove these areas from the risk categories with major impact on the human component.
To a great degree, the territory under consideration falls into the low to medium-high susceptibility category with a larger percentage of low and medium susceptibility, territorial areas that do not require special work in terms of their operation and arrangement in terms of stabilization and to prevent landslides. Compared with simple statistics such as landslide percentage per susceptible zones and the proportion of correctly classified events derived from a confusion matrix used to valid landslide susceptibility maps and the inefficiency of these models, threshold-independent methods, like receiver operating characteristic (ROC), have been extensively used for validation [20, [45] [46] [47] [48] [49] .
To a great degree, the territory under consideration falls into the low to medium-high susceptibility category with a larger percentage of low and medium susceptibility, territorial areas that do not require special work in terms of their operation and arrangement in terms of stabilization and to prevent landslides.
Conclusions
The realization of the spatial analysis model for the identification of landslides makes the time efficiency allocated for the analysis of extended territorial areas to be reduced and their evaluation done in a shorter time leading to a faster anticipation of the induced risk and decision making to reduce its effects. In the present study, based on the BSA model, a number of 12 triggering factors of the landslide process were analysed individually, each being analysed as impact of susceptibility and risk generation in the territory. The final analysis of landslides susceptibility was achieved by aggregating individual factors as a result of the application of spatial analysis equations and validation of the final result. Several hotspots have been identified as high and very high risk areas for which ameliorative and stabilization works are absolutely necessary in order to prevent disasters or catastrophes.
The very good validation of the model based on the 0.854 AUROC curve value highlights the good realization and credibility of the model both from a methodological and practical point of view, recommending such models for derivation and use in research on similar surfaces in terms of morphometric and geological characteristics.
Landslide susceptibility assessment in regards to BSA values across the five classes has provided a better understanding of the model and the factors that contribute to the peculiarities of these hazards in the investigated regions.
